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Acoustic mode scattering matrix
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Source imaging: utilizing a 
concept  of scattering matrix
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Source image as a function of X

Parameters :

Depth = 100 m

F = 100 Hz

N = 6 modes

Zs =     70 m

Xs =  -500 m

500 m < x < 540 m 0

100 m

-100 m -100 m100 m 100 m

No hill With hill
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Scattering from Internal Waves
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Correlation functions

mrc 560= mrc 850=
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Solution at large x
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Correlation function:

Angular spectrum:
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Modal scattering matrix (cont.)
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Statistical description
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Markov approximation
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Energy conservation

[ ]
[ ])0;,(),(

)0;,(),(

2

2

xkBxkadk

xxkBxxkadk

nnn
n

n

nnn
n

n

+=

=∆++∆+

∑∫

∑ ∫
ξ

ξ

Constant energy flux in the absence of losses:
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Optical theorem
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Governing equations for 
average field
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Governing equations 
for correlations
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Calculation of scattering
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Statistics of fluctuations
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Scattering cross-sections
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Simplification 1
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Scattering cross-section-
simplified version
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Energy conservation-
simplified version
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Spatial averaging
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Scattering cross section
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Average field
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Limit ∆x → 0
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Diffusion approximation
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Solution at large x
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Correlation function:

Angular spectrum:
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Numerical estimate
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Correlation functions

mrc 560= mrc 850=
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Conclusions

• Concept of Scattering Matrix can be useful for 
source imaging applications

• Experimental (NPAL) data indicate that correlation 
radius of the acoustic field in cross-propagation 
direction is of the order of 500 m – 1000 m. 
Decorrelation is explained by scattering at internal 
waves.

• A theory was developed which is applicable to the 
low-frequency sound propagation in the real ocean 
up to frequencies of the order of a few hundred Herz.
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